Introduction 37 38
Traditional shifting agriculture in the tropics balanced food production and 39 nature conservation. In French Guiana, this long-lasting equilibrium is 40 threatened by increasing demographic pressure and settling of cultivators for 41 social welfare, schools, medical care and administration. In Maripasoula 42 (population 1200), a settlement along the Maroni river (bordering French 43
Guiana and Suriname) of mostly Aluku people (of African lineage), the duration 44 of fallow in the slash-and-burn system has decreased from 15 to 7-8 years in 45 the last thirty years. It is much shorter than the 15 to more than 100 years in the 46 traditional shifting cultivation still practised by Wayana Amerindians as in the 47 village of Elahe (Fleury, 1998) . 48 49 Under traditional shifting cultivation (alternating short periods of cropping 50 with long fallows), burning of woody vegetation before cultivation fertilizes the 51 soil with ashes. During the fallow, the nutrient status of the soil, impoverished by 52 crops, regenerates after several years from the organic matter added by the 53 regrowth of vegetation, and we know from many accounts how important soil 54 organic matter is for the maintenance of soil fertility in the tropics. The 55 stabilization of soil organic matter within biogenic structures such as earthworm 56 faeces help to preserve a reservoir of water, nutrients and space in which plant 57 roots, animals and microbes can grow. Among other approaches, the fate of 58 charcoal, from incomplete combustion of wood, has been considered of 59 potential use for alternative systems of tropical agriculture (Glaser et al., 2002; 60 Lehmann et al., 2003; Glaser & Woods, 2004) . Glaser et al. (2001) found that 61 charcoal is a source of stable and fertile humus in Amazonian Terra Preta. Our 62 own experiments showed that the combined use of charcoal and manioc peel 63 could sustain legume production on rather infertile tropical soils (Topoliantz et 64 al., 2005) . 65
66
The present study was done in southern French Guiana. Its aim was to 67 compare the impact of slash-and-burn cultivation on humus components and 68 biogenic structures in the soil of two agricultural systems, differing in the 69 duration of the fallow (8 years in Maripasoula and >100 years in Elahe) and that 70 of continuous cultivation (1 year in Maripasoula, 3 years in Elahe). Manioc 71 (Manihot esculenta Cranz) was the major crop in both villages. These sites 72
were chosen as typical examples of (i) traditional shifting agriculture, and (ii) 73 change to permanent agriculture, on the basis of preliminary investigations on 74 6 cuttings. Hollows in the undulating terrain are often used for bananas or rice. 125
The main differences between Aluku and Wayana practices lie in the duration of 126 the crop. Each year Alukus cut and burn new abattis around the village, 127 whereas the Wayanas use the same abattis for two or three years, the precise 128 duration depending on the soil's fertility and the spontaneous establishment and 129 resprouting of vegetation, then shift to another place. They weed only by hand 130 during the first four months following manioc planting, and they do not use 131 herbicides, pesticides or fertilizers. 132
133
The climate is warm (mean annual temperature 26°C) and rainy (2000 134 mm per year), with a main dry season from September to December and a 135 shorter one from March to April. Table 1 lists the main physico-chemical  136 properties of the topsoil (Oxisol) which was sampled in the study plots. At both 137 sites the soil was sandy and acidic, although slightly less acidic in Maripasoula 138 (pH5.0) than at Elahe (pH4.7). The soil was air-dried before transport to the 139 laboratory for chemical analyses. Soil pH was measured electrometrically on a 140 1:2.5 soil:water mixture. Total C and N were measured by the dry combustion 141 method after hydrochloric dissolution of carbonates according to ISO 10694 and 142 ISO 13878, respectively (Anonymous, 1999) . 143
144
Soil micromorphology: the small-volume method 145
146
We studied the distribution of humus components and biogenic structures in 147 topsoil by small-volume micromorphology sensu Bernier & Ponge (1994) , 148 further refined for biogenic structures by Peltier et al. (2001) and adapted by us7 to agricultural soils (Topoliantz et al., 2000) . This optical method allows one to 150 identify and estimate the proportion of solid components in successive layers of 151 a given soil profile. Combined with multivariate methods, it can be used to 152 compare soil profiles along gradients (Peltier et al., 2001; Frak & Ponge, 2002; 153 Sadaka & Ponge, 2003) and in vegetation patchworks (Patzel & Ponge, 2001) . 154
155
Five samples for micromorphological analyses and five samples for 156 physico-chemical analyses were taken in each of the five study plots. They 157 were regularly spaced along a 30-m transect crossing the centre of each plot. 158
This allowed us to embrace within-plot variation while avoiding edge effects. 159
160
For micromorphological investigations we took soil blocks 7 cm x 7 cm x 161 6 cm (length x width x height) which we shaped with a sharp knife without 162 disturbing litter nor soil structure. Then we separated the top 5 cm by hand in 163 successive layers 0.5 to 3 cm thick according to their appearance, which we 164 considered homogeneous. Each layer was immediately fixed in 95% ethyl 165 alcohol then transported to the laboratory for further analysis. In the immediate 166 vicinity of each sampling plot another sample (10 cm deep) was taken, air-dried 167 as soon as possible before transport to the laboratory for physico-chemical 168 Table 2 ). The correspondence analysis displayed 235 some trends common to gross classes (leaf material, charred material, 236 charcoal, black and dark humus). These were compared between the five plots 237 (Table 3 ). It appears that leaf material was at least 4 times more abundant in 238 woody sites (MF and EF) than in abattis (MA, EA, EFB), each of these groups 239 being fairly homogeneous. In particular, the topsoil of older abattis (EA, MA) 240 had the same leaf litter content than the recently burnt forest (EFB). 241 242 Slash-and-burn agriculture increased the content of the topsoil in black 243 and dark hemorganic humus by a factor of 8 at Maripasoula. This class was 11 244 times more abundant at Elahe (EF) than at Maripasoula (MF) woody sites and 245 remained 6 times more abundant at Elahe (EA) than in the abattis at 246
Maripasoula (MA). Differences in the charcoal content of the topsoil were not so 247 pronounced. Charcoal was less abundant in EF than in all other plots, the 248 highest value being observed in MA (almost 2 times the value observed in EA). 249
Charred material was most abundant in the recently burnt forest (EFB), where it 250 was 2.6 times more abundant than in the nearby untouched forest (EF). The 251 least amount of charred material was in the Maripasoula woody fallow (MF) . 252 253 The mean vertical distribution of these bulk classes is apparent in Figure  254 3. The leaf material, which was more abundant in woody sites (EF and MF) than 255 in abattis, disappeared rapidly in the top 2 cm of the soil in all plots. The charred 256 material, which was abundant at the soil surface in the two abattis at Elahe (EA, 257 EFB), decreased with depth in these two plots. However, it disappeared much 258 less rapidly than did the leaf material. In the other three plots, it increased 259 progressively down to 1.5 to 2 cm, then decreased progressively. The vertical 260 distribution of charcoal was similar to that of charred material in the recently 261 burnt forest and in the cultivated abattis at Elahe, decreasing abruptly from 1.5 262 to 2.5 cm, then more progressively below this depth. In the Elahe forest (EF), 263
there was a progressive increase in charcoal content from the surface to 2-3 264 cm, but the content remained very small. At Maripasoula (MA and MF), more 265 charcoal had accumulated below 2.5 cm. In the abattis (MA), it reached on 266 average 10% of the total solid matter at 2.5 cm, then decreased progressively. 267
In the Maripasoula forest (MF) the charcoal content increased progressively, 268 from 0 at the surface to a maximum of 6% from 3 to 5 cm. Over this depth 269 range, there was no difference in charcoal content between the 8-year-old 270 woody fallow and the abattis. Black and dark humus was much more abundant 271 in Elahe abattis (EA, EFB) than in all other plots. It was already present as a 272 large proportion of total soil volume near the soil surface, reaching 9% and 6% 273 of the total solid matter in EA and EFB, respectively. The proportion remained 274 constant to 2 cm, then decreased progressively with increasing depth. 275 276 Discussion 277 278
Pronounced differences according to agricultural use of the rain forest were 279 revealed by the biological material (leaf litter, charcoal and charred material, 280 dark humus) which had accumulated in the topsoil. Biological activity in the soil 281 was strongly affected by clearing of the forest. We registered a change from the 282 activity of arthropods other than ants, as exemplified by the content in the 283 topsoil of the faeces of caterpillars, millipedes, springtails and mites, to a 284 community dominated by annelids and ants. The latter is characterized by (i) 285 the incorporation of organic matter to mineral matter within earthworm and 286 enchytraeid faeces and ant pellets, (ii) the building of an hemorganic humus 287 profile (Figure 1 ). This pattern accords with the more even distribution of carbon 288 in the topsoil after deforestation and cultivation observed in Amazonian soils by 289 Nascimento et al. (1993) . Our results point on the role of burrowing animals, 290 namely earthworms, enchytraeids and ants, in this process. We did not record 291 any faecal deposition by termites, although many termites are present in the 292 soil. The incorporation of organic matter in mineral matter by tropical 293 earthworms helps to stabilize organic matter, and associated water and 294 nutrients (Lavelle et al., 1998) . Mutualistic interactions between earthworms and 295 soil microbes (in particular the priming effect by intestinal mucus) were reasons 296 to classify these animals as ecosystem engineers (Lavelle et al., 1997) . 297
Earthworms, in association with additions of organic matter, have been used for 298 the bioremediation of tropical agricultural soils, increasing plant productivity and 299 creating a stable soil structure (Pashanasi et al., 1996; Brown et al., 1999; 300 Hallaire et al., 2000) . Ants, and moreover enchytraeids, are not widely 301 recognized as promoting greater soil aggregation and stability, at least in the 302 tropical world (Delabie & Fowler, 1995; Römbke & Meller, 1999) . However, we 303 found that earthworm faeces tunnelled by enchytraeids contributed noticeably to 304 the total solid matter in the first 5 cm of the topsoil (Table 2) . 305
306
Charcoal and charred material contributed substantially to the soil (Figure  307 3). This material accumulates in the topsoil, unlike leaf material (Figure 3) . It is 308 also incorporated into a variety of black and dark hemorganic faeces of 309 earthworms, and into ant pellets (Table 2 ). In a previous paper (Topoliantz & 310 Ponge, 2003) , we showed experimentally that the peregrine earthworm 311
Pontoscolex corethrurus could ingest small particles of charcoal and mix them 312 with the mineral soil, then deposit dark excrement at varying depths. This 313 activity is at the origin of a variety of dark colours of soil aggregates, which 314 contain charcoal powdered by the earthworm gizzard then mixed in a liquid 315 manner in the intestine (Barois et al., 1993) . We also observed that ants 316 produced dark, even black, material (Table 2 ), but this material could come from 317 ingested earthworm faeces of the same colour. 318
319
There was more black and dark humus and charred material and less 320 charcoal in the 3-year-old abattis at Elahe than in the 1-year-old abattis at 321
Maripasoula. These differences can be due (i) to a larger production of charcoal 322 at Maripasoula where repeated burning (short fallow) leads to an accumulation 323 14 of charcoal in the course of the time ( Van der Wal, 1999) , and (ii) to a better 324 incorporation of charcoal and charred material in the mineral soil at Elahe, as 325 shown by our micromorphological data. Indeed, charred material and charcoal 326 decreased from EFB (fire 6 months before) to EA (fire 3 years before) while 327 black and dark humus increased during the same period. This suggests that 328 both charcoal and charred material are sources of black and dark humus 329 3 ) 1 6 . 9 (1 3 . 7 -2 0 ) 2 0 (6 . 6 -3 1 . 3 ) 1 7 . 5 (1 5 . 5 -1 9 . 1 ) 1 6 . 8 (1 4 . 9 -1 8 . 3 ) S ilt / % 1 2 . 4 (9 . 5 -1 7 . 4 ) 7 . 9 (7 -9 . 2 ) 2 0 . 9 (1 3 . 2 -3 2 . 8 ) 8 . 7 (7 . 1 -9 . 6 ) 9 . 2 (7 . 6 -1 0 . 3 )
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